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INTRODUCTION

The Beaverdell silver, lead, zinc {gold) wvein camp {(Fig. 78), in the
southern part of the Omineca Crystalline Belt in south-central PFritish
Columbia, has been a silver producer since the turn of the century. In
recent years some gold has been reported in the eastern, and deeper, end
of the Lass vein system (Lower Lass mine; B. Goetting, personal communi-
cation, 1979). This study was initiated to examine the distribution of
major and minor elements in the Upper (Highland) Lass and Lower Lass vein
system and to describe the zoning patterns, with emphasis on the economi-~-
cally important gold and silver.

The area is underlain by granodiorite of the Westkettle batholith, which
has been intruded by the Beaverdell quartz monzonite stock {Pig. 7€). The
granodiorite contains remnant pendants and/or screens of metamorphosed
volcanic and sedimentary rocks of the Wallace Formation (Reinecke, 1915;
Christopher, 1975a, 1975b, 1976), A detailed summary of the geology is
given by wWatson {1981} and Watson, et al. {1982).

GEOLOGY

Mineralization is found in a northeast-trending 3-kilometre by 0.8-
kilometre belt, referred to as the Beaverdell mine area, on the west
slope of Wallace Mountain (Kidd and Perry, 1958). From west to east, the
major producing mines were: Wellington, Sally, Bell, Highland lass
{Upper Llass), and Lower Lass (Fig, 7B}, The Upper and [ower Lass mines
are presently being operated by Teck Oorporation Ltd., and the samples
collected for this study are from these and related workings.

Most of the veins are hosted in the Jurassic Westkettle granodiorite.
Some mineralization is also found in the older Permian (?) Wwallace
Formation gneissic rocks, which overlie the batholith at the eastern end
of the mine area, although structures tend to horsetail and disperse in
these gneisses (Goetting, personal communication, 1979). Despite the
apparent lack of mineralization in the younger, Tertiary, Beaverdell
stock, which intrudes the batholith at the western end of the complexly
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faulted mine area, K/Ar and galena-lead isotope studies demonstrate that
the veins are genetically related to the Beaverdell stock (Watson, 1981;
Watson, et al., 1982). Propylitic alteration is found in the wallrock up
to 8 metres from the veins (R. Verzosa, personal communication, 1979) and
thin sections of this altered granodiorite show amphiboles almost
entirely converted to chlorite, and feldspars replaced by clay and
calcite,

The mineralized wveins occupy fissures along east~trending faults in the
western part of the mine area and along northeast-trending faults in the
eastern portion of the system (part of Bell, Upper Lass, and Lower Lass),
Veins range from a few centimetres to a metre in width, and average 0.3
metres (White, 1949) but are rarely continuous for more than 5 to 10
metres without offset, However some ore shoots show only minor offset
over horizontal distances up to 150 metres {White, 1949). fThe extensive
faulting has been c¢lassified by White (1949), The most important type of
post-ore faulting is high angle and normal. A series of widely spaced,
north to northeast-striking, southeast-dipping faults divide the
mineralized system into large blocks, often with up to 100 metres of
vertical displacement between them, The West Terminal fault, separating
the Bell and lass mines, and the East Terminal fault, separating the
Upper and lower Lass mines, are of this type (Figs, 78 and 79). The
veins are chopped into small segments by northeast-striking, closely
spaced normal faults, which flatten the dip of the vein from 50 to 34
degrees {White, 1949), These faults dip to the northwest, and generally
show less than a metre displacement,

Major metallic minerals in the veins are galena, sphalerite, and pyrite,
with lesser amounts of arsenopyrite, tetrahedrite, pyrargyrite, chalco-
pyrite, polybasite, acanthite, native silver, and pyrrhotite (Reinecke,
1915; Staples and Warren, 1946a, 1946b; Watson, 1981; Watson, et al.,
1982) . The gangue material is mainly quartz, with some altered wallrock
fragments included in the wvein; small concentrations of calcite and
fluorite are also found occasionally, Some supergene silver mineraliz-
ation is present, chiefly as native sgilver wires and plates., However,
most of the mineralization is of hypogene origin (McKinstry, 1928;
Staples and Warren, 1946a, 1946b). Supergene material is not considered
in this study,.

DATA COLLECTION AND ANALYSIS

Bulk chip and hand samples of vein material within the granodiorite were
collected from 209 locations in the Lass system (Fig. 79). A systematic
sample spacing was not possible due to vein geometry, so vein material
was chip sampled wherever accessible in the workings, Samples from
mined-out areas were taken from the edges of ore shoots.

Samples were analysed by atomic absorpticn spectrophotometry at the

Department of Geological Sciences, The University of British Columbia for
zine, lead, iron, copper, cadmium, silver, calcium, magnesium, manganese,
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cobalt, and nickel. Gold, arsenic, mercury, and antimony were analysed
for by Min-En ILaboratories 1Ltd., WNorth Vancouver, British Columbia.
Results are in Table 1. Duplicate analyses of samples were evaluated
using the methed of Thoempson and Howarth (1978). The following indicate
the precisions for each element (at average concentrations) determined by
this method: (1) between 5 and 10 per cent: copper, cadmium, antimony,
arsenic, and manganese; (2) between 10 and 20 per cent: zinc, 1lead,
calcium, and magnesium; (3) between 20 and 30 per cent: silver; and (4)
between 40 and 45 per cent, gold, Precision for elements estimated as
the mean relative error rather than as a function of concentration as in
the Thompson and Howarth method are: nickel, 10 per cent; iron, 35 per
cent; cobalt, 38 per cent; and mercury, 120 per cent,

The true spatial relationship between samples at the time of emplacement
cannot be seen using the mine plan view because of post-ore faulting.
Therefore, the veins were palinspastically reconstructed by removing the
movement along major faults, Since most mining was carried out on the
fault-bounded segments of the vein, the ore encountered along a drift
could represent either a series of parallel veins or progressively lower
sections of the same vein. Within the fault-bounded, major sections,
therefore, it is assumed that successive samples represent a general
continuation of the major wvein system, down dip. This reconstructed
plane may be up to 9100 metres thick in some areas, because not all
movement has been removed and the mineralization probably occurs within a
series of subparallel wveins. In this study, however, this plane is
considered to represent a single vein, or a series of veins for which an
overall =zoning pattern can be examined. Figure 79 shows the sample
locations on the composite plan of the workings. The reconstructed
plans, used for all subsequent interpretations, are shown on Figures 80
to 84, Changes in element content down the dip of the wvein can be
examined by projecting all points onto an east-west line (approximately
down dip), and plotting value versus distance along this line. These
plots, called section plots, are shown with reconstructed plans on
Figures 80, 81, and 84.

INTERF RETATION AND DISCUSSION

Histograms show that all elements have lognormal distributions, Nickel
and cobalt are often not present in detectable quantities and will not bhe
considered further. Poor reproducibility for mercury analyses makes
their use suspect, but mercury will be discussed because of its impor-
tance in many ore—forming environments.

Each element can be partitioned into populations using lognormal prob-
ability plots as outlined in Sinclair (1976). Three populations can be
defined for silver and lead, and one for mercury and calcium, All other
elements can be partitioned into two populations, The means, standard
deviations, and population proportions are listed in Table 2. In this
table elements are grouped on the relative proportions of anomalous
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population (A} and background populations (B and B'}, The lower two
silver populations show a split similar to zinc and cadmium, while the
most anomalcocus population 1s proportionately similar to copper and
arsenic. This suggests that the most anomalous silver wvalues may be
agssociated with copper and arsenic minerals such as sulphosalts, while
the moderately anomalous concentrations of gilver are associated with
base metal minerals such as galena and sphalerite. Gold does not have
population proportions similar to any other elements (Table 2}, It is
possible that only one gold population is present and that the 10 per
cent background population represents a bottom truncation of the data due
to the detection 1limits of the analytical eguipment used (Sinclair,
1976), rather than a second population.

Correlations are generally only applicable to single population vari-
ables. The large amount of overlap (estimated 30 to 70 per cent) among
populations for most of the elements, however, allows the use of
correlations to show approximate relationships. A correlation matrix of
log transformed data (Table 3) shows strong correlations at the 0.1
significance level between the elements zinc, lead, iron, copper,
cadmium, silver, gold, and antimony, The gangue elements, manganese,
magnesium, and calcium, show strong correlations with each other. Calcium
shows negative correlations with silver and arsenic, while magnesium
correlates negatively with copper, antimony, arsenic, and geold. Ranked
on strength of correlation, silver correlates with lead, =zinc, copper,
iron, antimony, gold, cadmium, and arsenic, For gold, the strongly
correlated elements are, in order: iron, 1lead, =zinc¢, copper, cadmium,
antimony, arsenic, and silver., This suggests that silver is associated
with galena and sphalerite and, to a lesser extent, with antimony sulpho-
salts. Gold correlates most strongly with iron minerals, followed by the
major sulphides, galena and sphalerite. Thus, gold is primarily
associated with pyrite and/or chalcopyrite; arsenic and antimony
minerals, while significant, appear to be less important. Correlations
for the three indicator elements, mercury, arsenic, and antimony are:
{1) mercury correlates with antimony, copper, =zinc, lead, and cadmium;
(2) arsenic correlates with antimony, gold, iron, silver, and lead; and
(3) antimony correlates with iron, lead, copper, zinc, gold, mercury,
arsenic, cadmium, and silver. From this, it appears that antimony is the
most dominant of these three indicator elements, Because much of the
correlation matrix simply shows the affinity of all the sulphides for
each other, some correlations would be expected even if the minerals they
repregent were not contemporaneous. Antimony, however, seems to correl-
ate with all ore-forming elements and was a more significant element than
arsenic in the vein-forming solutions, Detailed studies of the mineral-~
ogy (Staples and Warren, 1946a, 1946b; MKinstry, 19228) show that
pyrargyrite and tetrahedrite {antimony end members) are the common forms
of their respective s0lid solution series in this wvein system. Arseno-
pyrite probably formed earlier than other ore minerals such as galena and
sphalerite (Watson, 1981).

Spatial relationships among populations can be seen when the assay values
(Table 1) are computer-drawn, using different symbols for background and
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ancmalous values, on the reconstructed plan and section plots of Figures
80 to B84, Anomalous values for silver occur mainly in the central,
western portion of the mine. By comparison, the 10 per cent of the
values which form the background population for gold lie mainly in the
western part of the mine (Figs. 81 and 83).

Differences in values between the upper, western and lower, eastern parts
of the mine are clear on Figures 82 and 83, The highest values {approxi-
mately one-quarter of the sample points) for =zinc, lead, and gold are in
the eastern part of the wvein system, Plan and section plots on Figure 84
show that ratios of gold to silver are dramatically different in the two
parts of the wvein system; 17 of the highest 20 values for gold/silver are
in the eastern sgection, and the highest 50 values for silver/gold are in
the western part of the mine.

The two segments, defined previously, were split into two equal sections
(based on distance down dip) to see if smaller subdivisions in the zoning
pattern were present. Means, with standard errors, for the four sub-
divisions are plotted on Figure B5 along with the same statistics using
only two subdivisions of the vein, Three of the four elements (lead,
silver, and gold) show level sections and sharp changes indicating that
values within each of the two major sections are similar, but that major
changes occur between the two sections, Thus, Figure B5 is consistent
with only two major 2zones in the mine,

A north-trending line between high silver, moderate lead and zinc in the
west, and low silver, high gold, and moderate to high lead and zinc in
the east 1is drawn on Figures 80 to 85. This line is placed near the
central part of the mine, about 120 metres east of the East Terminal
fault., Figure 86 summarizes the changes across the line as noted above
or as detailed in fluid inclusion, mineralogy, and geometry studies by
Watson (1981},

Because of the difference in the number of samples ¢n either side of this
dividing line (N = 159 to the west and N = 42 to the east), t-tests and
F-tests were performed to determine if, indeed, the two populations are
significantly different (=C= 0,05). The following elements {(logrithmic)
have significantly different geometric means (t-test) and variances {F-
test) in the two parts of the mine: gold, =zinc, lead, cadmium, and
mercury. Veln thickness (arithmetic) also has significantly different
means and variances on either side of the dividing line. Gold, =zinc,
lead, cadmium, and vein thickness means are higher in the eastern part of
the mine while silver and mercury means are higher in the west,

CONCLUSICNS

The presence of silver-gold zonation in the Lass vein system has been
known to exist for several years (B. Goetting, personal communication,
1979; Christopher, 1975a, 1975b). This study has examined the major and
minor element distribution patterns in samples from the Lass vein system
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hosted in the Westkettle granodiorite. The vein system was palinspastic-
ally reconstructed into a single plane by removing the movement along
major post-ore faults to examine the original element zoning., Fifteen
elements have been studied (zinc, lead, copper, iron, manganese, cadmium,
calcium, magnesium, cobalt, nickel, gold, silver, mercury, arsenic, and
antimony), all of which can be partitioned into 1%, 2, or 3 lognormally
distributed populations. The correlation matrix of elements indicates
that silver associates with galena, sphalerite, and antimeny sulphosalts,
but that gold associates with pyrite and chalcopyrite.

The four major economic elements, zinc, lead, silver, and gold, have been
considered in detail. Plan views show a series of ore shoots, elongate
along strike, en echelon down the dip, in the upper part of the vein
system, Metal zoning and mineral deposition are related to depth and
reflect changes in ‘temperature or vein configuration at specific
elaevations,

Two zones of distinctive mineralization are recognized in the ILass vein
system. The boundary between these two zones trends north-south and lies
within the lower lLass mine, about 120 metres east of the East Terminal
fault. In contrast to the lower, eastern part, the upper, western
portion of the vein system is characterized by high sgilver and moderate
zinc and lead values, more gangue, and thinner veins within multiple vein
and stringer =zones, The lower, east end of the wvein system, however,
contains high gold, moderate to high =zinc and lead, and low silver
values, The elements copper, calcium, magnesium, and arsenic show
consistent values throughout the mine,

Gold wvalues are concentrated at depth and in several small zones along
the footwall of the system. Silver values are highest in the upper parts
of the system, centrally between the footwalls and hangingwalls. Using
information from a fluid inclusion study (Watson, 1981}, the gold
mineralization can be related to solutions of higher temperature,
salinity, and pressure., This model postulates that groundwater mixing
occurred above a throttling point, resulting in lower temperature, lower
salinity, and lower pressure solutions that deposited the silver
mineralization. A model for element zonation in this system, based in
part on the fluid inclusion studies, is shown on Figure 86. fThis model
accounts for: (1) the presence of only two zones (above and below the
throttle point), and (2) the wvariations in thickness, gangue, and
mineralogy due to temperature, pressure, and salinity changes. Depogi-
tion of copper, calcium, magnesium, and arsenic was apparently not
affected by the changes occurring in the ore fluids. Gold solubilities,
however, are greatly affected by these variations (Helgeson and Garrels,
1968), so the deposition of gold would decrease after the solutions have
passed the throttle point.

This model suggests that high gold values could continue eagtward at
depth, given continuation of vein structures. Silver wvalues would
probably also continue to the east at their moderate to low values,
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Additional areas of high silver values are unlikely east of the present
workings and at depth in the system and will only be found in those areas
that were above the throttle point (in the western part of the mine}.
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Figure 86, M™odel of the Lass vein system, Beaverdell area, The vein is divided Into an
upper, silver-rich part and a lower, gold-rich part, Averags values for key
alements and veln thicknesses are noted on the model, Mineralization stages

and temperature and depth (Py = hydrostatic pressure, P = |ithostatic pressure)

astimates are from fluid Inclusion studies (Watson, 1981),
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TABLE 2, Means and Standard Deviations Determined Graphically1 for
Partitioned Element Populations in Granodiorite-Hosted Vein
Vein Materia12 in the Lass Vein System, Beaverdell Mine
Area, South-Central British Columbia

Element Population A3 Populations3 B, B'
% b b+s b-s % b bts b-s
In % 55 3.76 9.12 1.40 45 0.38 1.40 0.11
Cd ppm 55 457 1288 178 45 43 234 10
Cu ppm 70 513 1202 193 30 76 126 45
5b ppm 10 1318 2138 794 90 79 162 38
Po % 38 3.00 4.30 2.09 37 0.54 1.02 0.29
25 0.12 0.35 0.05
Fe % 60 8.99 13.49 5.94 40 3,72 6,84 2.20
Ag ppm 67 427 457 269 18 105 174 68
15 34 135 8
Au ppb 90 646 2239 191 10 15 51 4
As % 72 1.20 1.70 0.86 28  0.13 0.24 0.07
Mn ppm 30 5012 10233 2570 70 1202 2291 617
Mg % 70 0.25 .45 0.14 3¢ 0.08 0.12 0.05
Hg ppb 100 20 124 3
Ca ppm 100 1143 14962 87
Co ppm 4 100 1.75  9.90 0.3l

1. Partitioned into populations on logarithmic probability plets, using the
procedures of Sinclair (1976).

2. There are 209 samples in this group.

3. b is antilog of nean cf Zogtransformed data; bt+s is antilog of mean plus
one standard deviation of logtransformed data; b-s is antilog of mean minus
one standard deviation of logtransformed data.

4. 24% of the Co values were below the analytical detection limit.
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Figure 87, Generalized locations of Ainsworth, Stocan City,
Slocan, and Trout Lake mining camps, southeastern
British Columbia,
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